I.

B ACKGROUND
The so-called Next Generation Networks (NGN) will be the supporting infrastructure of ubiquitous ultra-broadband. For the purposes of this paper, a NGN will be a single network which delivers multiple data applications -whether originally based on voice, data, and video-to multiple devices -whether fixed or mobile. In addition, it will be considered that the provision of services is decoupled from networks. The choice of access technology is simply a matter of costs (which in tum depend basically on demographic and geographic variables), possible re-use of existing infrastructures and the user's requirements (and expectations). The access part of a NGN is usually called Next Generation Access Networks (NGAN).
Precisely, the conditions for the deployment of NGAN are currently on the forefront of the debate about the role of telecommunication market developments, the best regulation for them and the level and modes of potential public involvement. In broad terms it can be said that we are currently in a very early stage of NGAN deployment -particularly out of main urban areas. This situation is influenced by relatively unknown technology roadmaps, possibly some doubts about the implementation of the regulatory scenario, as well as, Madrid, Spain j 19omez@cee.uned.es
Sergio Ramos
CeDInt -Technical University of Madrid, Spain sramos@cedint.upm.es especially, the economic uncertainties about the return on investments.
From the perspective of techno-economics, there is not a one-size-fits-all NGAN: the most suitable type of NGAN depends heavily on the re-use of existing infrastructures and on the type of geo-demographic area (the "geotype"). Indeed, operators invest in areas that are profitable. As dense areas are more profitable than rural ones, dense areas will be served first. If we consider geographic density as a continuum, there is a point where operators stop investing because it is no longer profitable. In fact, in most rural areas low population density and high deployment costs discourage private investments, creating a negative feedback of limited capacity, high prices, and low service demand.
As the profitability of any area depends basically on infrastructure costs, which tend to decrease slowly over time, there are some possibilities of less dense areas to become profitable as time passes by [1] , all other parameters equal. However, this effect could be too slow and meanwhile it would impact significantly on equity in territorial terms for a potential long period of time. In fact, currently there is little or no commitment to connect areas that include smaller towns and rural villages [2] . Data collected by OECD have shown that, among the developed countries, those with a large urban population such as South Korea, Japan, France and the Netherlands are more likely to achieve a higher rate of broadband penetration than those with significant rural communities such as the United States and Canada [3] . Therefore, it is necessary to analyse the more suitable choices for NGAN deployments in these areas, depicting and accurate scenario of related deployment costs. This is the main objective of this paper. For this, a simple method for cost calculations will be derived using the data for Spain for reasons of availability. However, it would be applicable to most of the rural areas of European countries. Based on the results obtained, the techno-economic implications of NGAN deployments in rural areas will be reviewed as well as the adequacy and possible developments of the existing EU regulatory framework.
II.
G EOTYPES IN THE R URAL S CENARIO
The assumptions on geotypes for network deployment consider a classification in zones based on population density as the basic parameter affecting the cost of rolling out a NGAN. This is the most used approach to network deployment cost calculations, see for instance Analysis Mason [4] .
For the particular case of Spain, a division into 10 different zones (numbered I to X) has been chosen. See Annex for a detailed description of the main parameters for the geotypes used in the calculations. Apart from the direct relevance of the case of Spain as a main European instance for NGAN deployment, it is interesting to note that data for Spain are relatively similar to the Euroland scenario [5] . The [7] , apart from London, also selected 7 zones for its study on fibre deployment in the UK, however leaving aside the rural and remote areas. The motivation for using 10 different zones lies in enjoying more precise estimations in the "grey" areas that the competitive market providers could reach in the medium term as a function of technology, demand and public policies. In fact in the case of Spain about one quarter of the population lives in the 500 -100 inhabitants/Km2 area, where the population density typical of suburban zones finishes and the rural type-of density begins. Also in Spain, about 46% of the population lives in urban areas (above 1000 inhabitants/Km2), with an additional 10% in lower-density suburban areas. Remote rural areas (below 50 inhabitants/Km2) made up 12% of the population, but 77% of the territory.
However, the main drawback of a classification based on population density is the lack of information on buildings clustering, mainly for suburban and rural areas. Therefore, to enhance the modelling of the deployment costs, each of the zones has been divided into two types, (a) and (b), resulting in a total of 18 geotypes for the calculations (in zones IX and X the population density is so low that all population is assumed to be distributed according to the b model). Looking from the perspective of network deployment, the key element for this additional categorisation is the location of the local exchange, cable headend or base station. For instance, exchanges tend to cover the central core of a settlement and at the same time some wider areas where the settlement is sp�rser [4], see Fig. 1 . ' Figure I . Geotypes a) premises close to the local exchange, and b) premises sparse and far from the local exchange. Source: adapted from Analysis Mason ( 4 )
The share of potential subscribers (inhabitants, households and businesses) among these two geotypes has been calculated using 5 prototypical municipalities (those closer to the average population and surface) for each of the zones. In each of these municipalities it has been possible to obtain the percentage of surface for dense urban 1 and scattered urban and suburban areas 2 using data from Spanish Housing Ministry [8] . The resulting population-weighted average has been regarded as representative of the situation in each of the zones.
III.
T
ECHNOLOGIES FOR R URAL D EPLOYMENT OF NGAN
In general, broadband access technologies are classified by the physical medium in two major groups: wired -or fixed line technologies and wireless technologies. The main wired technologies are based on fibre, coaxial, copper wire and power line. In the following we will consider the first three of them, leaving aside power line due to its low implantation and weak mass market prospects3. When classitying wireless technologies two main sets of characteristics are considered: being terrestrial or satellite-based and being fixed wireless or mobile wireless. Due to the requisites of NGAN -very high bandwidth for each user-only the terrestrial solutions will be considered in the following4. 3 However it is widely used in the home environment and as part of the smart power grids concept, for further details see, for example, Each of technologies considered for the study has its advantages and disadvantages in terms of maximum bandwidth/transmission speed, reliability, cost of deployment and ease of coverage. Therefore there is not an obvious choice for all situations, and in practice a telecommunications operator will likely use a "mix" of technologies, as later discussed. The inclusion of 4G mobile technologies among NGAN might be controversial. In fact, as a general consideration, wireless technologies are around 3 to 5 years behind fixed ones in terms of data rates per user. However, they are about to reach the 10 Mb/s level per user with some consistency with peak speeds around 100 Mb/s. As a consequence a number of experts from the industry forecast that mobile broadband connections will overcome fixed ones sometime around 20 11-2013 [10] [11] [12] and its impact will be considerable from NGAN perspective [13] . To this regard, and in the long run, the massive deployment of femtocells, mobile devices with cognitive radio capabilities and mesh network topologies could make wireless networks almost indistinguishable from most of today's ultra broadband fixed solutions.
IV. M ETHODOLOGY
The methodology for the calculation of the deployment costs for NGAN technologies in rural scenarios departs from a number of assumptions. First, the backbone network will not be included in the calculations 5 . Secondly, legacy networks will be consider where possible to re-use part of the infrastructure previously built by the same or other operators. The model has chosen the parameters for a situation reasonably as close to reality as possible. Data on lengths, types of terrain and re-use of existing infrastructures will be based on own estimations, see Annex for details.
Also the potential sharing of infrastructures between competitive providers has not been considered. On the one side, the presence of several operators leads to a potential lower utilization of assets per customer, as the customer base is shared among players, and therefore, increases the costs with regard to a monopolistic situation. On the other side, several operators depending on their commercial agreements, or the imposed regulations, can share different combinations of the infrastructures, decreasing the incurred costs per customer.
Some implications of sharing infrastructures among operators are briefly considered in the results section.
Next, the model presented in this paper intends to be as agnostic as possible with regard to demand, as it had been pointed out before 6 . However it is required to include some assumptions about it since some of the costs calculations are dependent on the actual number of customers in the network.
To simplify the calculations take-up is assumed to represent net additions to the network (therefore including the effect of chum) and it is also assumed that it will happen at 10% constant rate with regard to the total of potential subscribers.
This means that if, for instance, the network is deployed in 4 years, the level of 80% of the total potential subscribers would be reached in 9.5 years.
Once the maximum level of subscribers is attained it will remain indefinitely at that number. Obviously, this is an optimistic scenario for each technology in terms of adoption, but from the perspective of costs is a worst case scenario. The chum rate will be 20% of existing customer base or, equivalently, on average each customer changes operator every five years, a figure similar to the existing chum in mobile networks.
To calculate the present value of investments, a weighted average cost of capital (WACC) of 12% is considered, in 5 For the interested reader the paper from De Antonio et al (2006) offers some estimation on the capex and opex for building such a backbone network from the scratch, using both a top-down analysis and a bottom-up approximation. accordance to previous studies 7 and financial conditions for European broadband operators [7] . The rate of average yearly inflation is estimated at 2%, the objective of the European Central Banle Operating expenses are calculated just for the 10 first years of operation.
V. D EPLOYMENT MODEL DESCRIPTION
As regards the deployment model, it is considered that the network will reach 100% both of individual and business users 8 in 10 years. From here it should be noted that potential users are not the same for fixed and mobile technologies. The total number of potential users of fixed networks is 17.9 million. However, only up to 80% of them will subscribe to a given network, i.e., they will be customers of a particular broadband service offering. The total number of potential users of mobile networks is 53.3 million, representing a 114% mobile penetration, similar to the latest data available for Spain [15] . Again, only up to 80% of them will belong to a given network at a certain time and in a certain area.
Three different network models are used in order to calculate the CAPEX and OPEX of wired (FTTH and DOCSIS technology) and wireless technologies that can be deployed, as depicted in Figs 2 to 5, and detailed in the Annex.
The detailed information about ratios and distributions of the distances, as well as the cost of every item involved in the deployment, operation maintenance and management of the networks considered are presented also in the Annex.
The limiting factor for quality in a FTTH-OPON and in a FTTCIVDSL2 deployment is the shared OL T card managing one fibre at the local exchange. For the calculations it has been supposed that each OL T card can manage 2,5 Obis per 64 users maximum. It has been also assumed that in FTTCIVDSL 20% of the users (those very close to it) can be served directly from the local exchange using existing copper wire and without installing any fibre. In the DOCSIS case, the limiting factor for quality is the number of channels shared among customers at the headend. Two implementations have been chosen: the first just the update of the existing network for DOCSIS 3.0 and a new implementation able to offer 50 Mb/s per user 80% guaranteed. The figures for this last implementation could be equivalent to a new plant deployment (no re-use of ducts and a ring topology). Finally, the limiting factor for quality in a LTE deployment is the amount of spectrum bandwidth allocated to a single operator. It has been set at 1800 Mb/s as the maximum total speed available for all users covered by the cell. 7 This value has been calculated adding the interest rates (around 2 to 3%) to a 7-9% representing investment-related financial and market risks. All the data for network element costs are supplied by the industry at 20 II prices, either publically or through direct interviews.
VI. R ESULTS AND D ISCUSSION
In this section the results of the cost modeling of the different options for a NOAN are presented. All the costs are discounted to give their present value.
A. Capex, opex, total costs and level of investment
To begin with, the present value of the total capex by areas of maximum 16,384 users and by geotype is shown in Table II . Note that the figures presented are a good approximation to the capital investment required to deploy a neutral operator in a typical municipality of each of the geotypes, re-using existing civil infrastructures where possible. The present value of the total capex by zone is presented in Table III , while the annualized (i.e., divided by the number of years for the roll-out) present value per user is shown in Table  IV . This table is provided to supply an easy comparison as a minimum floor with annual ARPU levels. From the figures it can be seen that, rather obviously, the costs increase with lower densities of population. They also show that wireless technologies are more cost-efficient in these lower density areas. On the contrary, it is in the higher density areas where FTTC-VDSL and DOCSIS are the less expensive as they re-use the existing infrastructures. Note that FTTH is the costlier option whatever zone is considered. Another very relevant aspect of comparison among NGAN technologies refers to the cost of guaranteed data rate per user. Usually, when comparing these technologies, this very fundamental perspective is not clearly considered if at all. Table  V shows the cost of 10 Mb/s of guaranteed data rate per user for different NGAN technologies and by geotype. Note that for these calculations, the size of the access area in the case of wireless technologies has had to be reduced, therefore increasing the costs of deployment with regard to above results. Also cable has assumed to be already deployed and only the upgrade to DOCSIS 3.0 is needed. Finally, the present value of the total cost per subscriber by geotype is presented in Table VII . Undoubtedly, the deployment of NGAN is the technical and business element around which the future evolution of the information and technology sector revolves. However, numerous uncertainties remain regarding their development. Some operators have started to invest but maintain their doubts over whether the applications and services offered over a NGAN shall be sufficient to provide a return to investment specially in rural areas and, at present, they are not sure which killer application, if any, will develop to provide sufficiently a new revenue stream for ultra-broadband networks.
In this scenario of uncertainty, more research works are required focusing on the economic, fmancial and regulatory aspects of NGAN in rural areas. The analysis that has been presented here, although quite simple and rough, allows extracting a few important consequences.
A. Investment, investment, investment
First, and the datum is not less important despite being expected, it is clear that -any-NGAN requires major investments. Also, and as a consequence, the recovery of these investments implies that the prices charged for access and usage of the services will not differ much of current prices. Every study agrees on this point [1, 4, 7, 14]. Thus, it seems probable that the companies interested in deploying NGAN will aim first towards competition in new and attractive offers of services for the users than in prices, since any war of prices entails a reduction of the present and future ARPU B. A technology "mix"
Should the demand for large bandwidths appear, the case could be that no access technology by itself, at least with the technical and economic conditions expected as of today, could present the optimal characteristics for satisfying all the requirements demanded by the users in every circumstance. This has been shown in the model presented where the cheapest technologies per user are those offering the lowest speeds and the contrary being also true. However, the prices per 10 Mb/s show a different picture. Here, those technologies, such as FTTH, able to supply higher speeds appear as more competitive. They are also the technologies more easily scalable if the target is to increase significantly the speed over the existing infrastructure in some future. Wireless technologies lie in some middle ground: low speeds and intermediate costs.
Therefore, the case of different advantages and drawbacks for each technology, backed by the need to achieve a return on the investments, is leading operators to create platforms capable of integrating different access technologies over the same backbone network. The future market of the information and communications sector, characterised by "comprehensive" operators, would be, in this case, quite different from the current one, where there is a clear separation between technologies. Thus, any -policy, regulatory-measure to facilitate the "mix" of technologies without compromising competition would help to produce the case for the deployment of NGAN.
C. Distinct de parture points and transition paths
However, the departure point for the different types of operators (historic, cable, wireless, alternative and even new agents) is not the same. These initial differences are conditioning, and shall do so in the future, the path followed for the transformation of their networks into NGAN. The cost calculations carried out support this first impression. As a consequence, each operator will have a different set of drivers for migrating to NGAN [16] . These drivers will dictate their base time frames for investing in this advanced infrastructure, and subsequently migrating services from existing networks.
Comparing different types of NGAN from the supply side is a difficult exercise with significant risks. In fact, a careful look into NGAN reveals that there are no easy conclusions.
Data rates are arguably the most tempting parameter for such a comparison. If we take an absolute value such as 50 Mb/s, not even a currently typical implementation of FTTH will ensure this speed for 100% of the users all of the time. Therefore, the expected market share and the expected number of concurrent users matter to set the real data rate. In particular, cable DOCSIS, due to its "shared-channel" architecture, is a system where the number of concurrent users changes dramatically the maximum speeds available, restricting at times even the meaningfulness of comparisons among implementations of the same technology. But also matters time. Maybe today's implementation of VDSL only reaches 30 Mb/s at several hundred metres from user premises, but new developments promise to exceed 50 Mb/s at distances above 1 Km. And not each NGAN addresses the same type -and amount-of users. Wired networks are typically for premises and wireless networks for persons. Therefore wireless systems can serve about three times the subscribers of a fixed network (and enjoy up to triple revenues). At the same time boundaries blur: picocells and femtocells create a convergence where both fibre and radio are needed and no longer is the distinction between technologies valid.
E.
Sharing irifrastructures
Sharing infrastructures has already been considered in the regulation, see Ruhle & Lundborg [17] and it is an area where operators are showing renewed interest. According to the model developed, sharing infrastructures can decrease costs significantly. This is not only important for wired solutions, but for wireless players, where they can achieve higher savings if they go beyond the mere civil works to share some types of active equipment -up to 30% according to Norman [18] -or even spectrum. Apart from reducing costs, infrastructure sharing can accelerate roll-out, stimulate competition, decrease the troubles of deployment for the public and have environmental benefits (sharing power supplies for instance). There are also some evident risks of collusion.
F. Long life to copper wires
Copper lines continue to be a strategic asset well into the middle term. Not only are they able to provide right now speeds that would fall into the NGAN category but, in addition, they allow for a smoother and more scalable path in the transition from ADSL to FTTH. Indeed, about 20% of potential subscribers to a NGAN live close enough to the local exchange so as to be directly provided with a VDSL2 solution from this local exchange and, therefore, requiring just a modest investment in the equipment there. Existing copper -in the part closer to subscriber premises-also allows rolling out FTTC and FFTB solutions to be completed with VDSL2 that could serve as a first step towards a definitive FTTH solution while re-using all fibre deployed so far. Last but not least new developments complemented by fibre could extend the copper capacity well into the 100 Mb/s range.
G. Cable networks, the key to a competitive landscape
The upgrade of existing cable networks with DOCSIS 3.0 is, together with VDSL from local exchange, the cheapest alternative for the deployment of NGAN in a country such as Spain. Therefore, cable networks, where they already exist, play a key role in the competitive scenario. Therefore, from the perspective of competition among different providers of NGAN, an interesting solution would be to ensure that, maybe even with some type of public support, the conditions for the cable operators to obtain the required funding are met and they effectively deploy these solutions into the market as soon as possible.
Moreover, cable operators in Spain have a highly relevant asset when taking the perspective of NGAN: according to CMT [19] figures almost 40% of premises have, in addition to coaxial cabling, a copper wire deployed in parallel with the former. Due to the architecture of cable networks this copper line runs typically for the last 500m to user premises. Therefore, there wou�d be possibilities to re-use this copper wire (with VDSL2, for Instance) to provide an additional means of deploying NGAN for interested parties.
H. NGAN, wireless solutions and spectrum
It has not been properly understood yet the role of wireless access technologies as a fundamental part of NGAN. In fact, their use for access from mobile operators it is just a different way to address the same broadband target, but, adding along the road, the mobile advantages: a maybe much more reasonable approach in terms of financing and technology evolution, avoiding the disruptive leaps required in fixed infrastructures. In addition, wireless NGAN are the only scalable solution in terms of infrastructures for areas of low density of population. They are also a complement to NGAN competition in almost any area.
At the same time, it is true that radio-based systems are able to provide today about one tenth of sustained speed compared to wire line solutions and that this difference has been kept constant for the last years. But it is also true that the developments required to improve the capabilities of radio based systems are at --close-sight: opening of additional spectrum, more efficient spectrum management practices, much smarter radios to access appropriate frequencies at each moment and process signals more efficiently. Therefore, although there is "a limit to the ability of wireless technology to be full players in high-speed Telecom 3.0" [20] and the investments are considerable, there is still room enough for wireless to play a role in medium-speed uses or even higher at low density of population rural areas. As the model shows, 5 Mb/s of mobile sustained speed, with much higher peaks depending on the number of concurrent users, and at a cost below that of FTTH could have a significant impact of the NGAN market. This result is coincident with some recent st � dies. For instance, according to Analysis Mason, terrestrial WIreless technology could be used to provide broadband connections to the final 15% of UK homes not covered by fiber connections. They also acknowledge that the wireless element would be sufficient for households of average usage, after modeling low, medium and high-use scenarios, but only if the number of base stations and spectrum available was increased [21] . Therefore, the usage of spectrum for wireless solutions appears as a main element in configuring the NGAN landscape.
Two are the main relevant parameters for allocation of spectrum to wireless operators: the amount of spectrum (bandwidth) and the band of operation.
The amount of spectrum required per mobile operator depends fundamentally on the level of quality of service including the number of users concurrently accessing mobil� data -density of users-, type of usage -more than 90% of traffic non-voice in 20 13 [12] , evolution of user perceptions about service quality, and the size of the cell relative to the population density. But also depends on the ability of the mobile transmission technology to manage and re-use frequencies and on the topology and type of the network. In the calculations for the model it was allocated at least 40 MHz of spectrum (already a considerable quantity) to achieve a relatively modest 5Mb/s data rate. It is obvious that, maintaining the level of investment, more bandwidth would be required to offer higher speeds to users. Therefore, a significant new quantity of spectrum should be freed up and allocated to operators so as to turn wireless solutions in an actual opportunity. This road is precisely being taken by a number of countries. For instance, the FCC has the ambitious goal to make 500 MHz of spectrum available for mobile broadband over the next 10 years, 300 MHz of them in the next five years. In the case of the EU, the need for spectrum has prompted to adopt a decision aimed at harmonising the allocation of the 790-862 MHz band spectrum, the well known digital dividend. In addition, the amount of frequency spectrum allocated to an operator has also a direct impact on costs, as it allows delivering more speed per user without decreasing the size of the cell.
The choice of the frequency band for the allocation has a significant impact on costs. For instance, the EU claims that infrastructure equipment for the 800MHz band was expected to be 70 % cheaper than that required for the radio frequencies in use on 3G networks. It has also advantages in terms of propagation, since it should provide operators with improved coverage and in-building penetration in comparison with most current 3G bands. Due to this propagation effects in theory it would look like the lower frequencies of operation saving a significant amount of base stations. But this is only partially true. The limiting factor in a wireless NGAN of the type described in this report is the quality of the service per user, and not the maximum coverage of the cell as a function of the frequency of operation. However, using lower frequencies allows an initial deployment with much less base stations that later could be completed at the same or other frequencies, and it still valid as the best solution for low density areas.
I.
A baseline/or the market and/or policy action
The above considerations translate in a baseline for market behaviour. In 2015 it would be relatively possible for Spain to enjoy a "2+" infrastructures-based competition (incumbent, cable operator and mobile operators) for NGAN at about 50% of premises (i.e., 9 million of households and businesses). Beyond this point the required investments would be much higher. The cheapest choice would be for a "1 +" infrastructures-based competition (incumbent using VDSL-type technology and mobile operators) in an additional 10% of the population, with an added cost for the VDSL of about 400 M€. For the rest of the population, the most probable option would be no access to NGAN except maybe some scattered local initiatives and some mobile 4G deployments in some particular areas, very dependent on the conditions on new spectrum licences. These figures appear lower than the objectives set out in the "Avanza" plan [22] : 70% of the population with availability of broadband at a 50 Mb/s speed or higher and 60% of the population with availability of broadband at a 100 Mb/s speed or higher. No regulatory "carrot" seems able to easily increase the investment in the required zones, and neither a huge public effort to compensate lack of pure market action seems possible under the current economic conditions.
J.
The limits 0/ market action in the rural areas
In the case of Spain the transition between semi-urban and rural areas happens between zone V (zones I-V include 57% of the population and just 1,4% of the surface) and VI (zones VI X include the remnant 43% of the population and 98,6% of the surface). In other words, the discontinuity in potential profitability appears at the 500 inhabitantslkm 2 population density where the figures for capex per user jump well over the 1.000 € threshold for any technology, and where the "growth of costs overcomes the growth of the consumption of households in broadband communications" [23] .
Thus, as the profitability of this areas depends basically on infrastructure costs, which tend to decrease slowly over time, there are some possibilities of less dense areas to become profitable as time passes by [1]. However, this effect could be too slow and meanwhile it would impact significantly on equity in territorial terms for a potential long period of time.
The picture on the investments required to cover the less dense zones looks rather different when just a small area is considered. Here, because, just one area is considered, it would be possible to deploy a NGAN in a small town or village at an affordable cost, especially if taken into consideration the slow development of the market towards these areas. We could, therefore, be confronted relatively soon with a "patchwork" of local initiatives which try to solve the market failures by their own means. 
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